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PREFACE

In recent years, experienced pilots and crews have adequately responded to multiple
failures for which there were no specified procedures, no previous simulator
training and certainly no past experience. Explosive decompressions caused by cargo
door failures, total loss of triply redundant hydraulic systems and fuselage failures
were all situations which, within all reasonable statistical criteria, the aircraft
manufacturers, the airlines, the regulatory agencies and the insurance companies
could not conceive. Yet, these pilots and crews responded quickly, adapted their
trained procedures to the task demauwus of the crises and either in whole or in part
“saved the day”.

During this same time period, first generation Aeronautical Decision Making
(ADM) training was developed by joint efforts of the FAA, industry and academe.
The ADM training, in some cases combined with Crew Resource Management
training, has been shown to significantly reduce the percentage of accidents
attributable to “human error”. However, this initial type of ADM training, a serial,
checklist evaluation of alternative decisions, has not been accepted by all pilots and
is not readily applied in “knowledge lean”, time-pressured multiple failures.
Consequently, in 1990 the FAA initiated an effort to analyze and understand the
more complex decision making and problem solving capabilities of the high time,
experienced, “expert” pilot.

This is the second report in the effort to define the differences between novice and
expert pilot decision making. The first report, “Introduction to Cognitive Processes of
Expert Pilots” report number DOT/FAA/RD-92/12, reviewed accident scenarios and
correlated the characteristics of these pilot’s decisions with the characteristics of
experts in other fields. It also analyzed the development of a pilot’s knowledge and
type of information processing with training and experience to show that many
characteristics of Expert Decision Making (EDM) were enhanced as pilots accumulate
flight time. The current report is an attempt to explore whether or not the
development of EDM can be expedited by study and training in addition to the basic
requirement for actual flight experience.
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EXECUTIVE SUMMARY

The speed and accuracy of problem solving using memory
INTRODUGTION is the fundamental process that accounts for differences

between expert and novice pilot thinking capabilities.

Sensing, organizing and using information requires the
resources of short term and long term memory systems. Both types of memory are
critically impacted by the quantity and structure of the available information. Since
a pilot's stored information includes aeronautical knowledge (facts), procedural
knowledge (ATC, aircraft and systems), training, attitudes, emotions and general
skills, as well as experience, it is reasonable to expect that at least some portion of the
expert thinking capabilities can be learned without relying solely on knowledge
gained through actual flight experience. One goal of this research is to identify the
expert capabilities that could be learned in a training environment.

Expert decision making is characterized by the speed and accuracy with which
information can be retrieved and applied to new situations. The type of knowledge
available, how it is represented (stored) in memory, how pilots tie it together and
how they recall (apply) it are central to the understanding of cognition in general
and how expert pilots think in particular.

This study first describes four basic steps that pilots use when thinking about a
situation or solving a problem. Then, the performance of these steps is related to
the basic human information processing systems used for problem solving and
decision making. Finally, the unique elements of those systems which are used
most efficiently by experts are described. This background provides the knowledge
and understanding needed to begin development of expert pilot decision making
training materials which is the second goal of this analysis. A brief overview of the
contents and findings of this study is presented in this section.

The focus of this analysis is on the PREPARATION

and EXECUTION aspects of how expert pilots think
COGNITIVE SOARING since these two areas offer the greatest potential for

improved training. For this analysis, the
PREPARATION factor was limited to the cognitive
aspects of Sensing and Organizing information.
The EXECUTION factor was similarly limited to
the cognitive aspects of Analyzing and Responding
to the needs of the situation. Thus, the term
Cognitive SOARing was coined to recognize the
special level of expertise required to respond to
previously inexperienced or abnormal situations
and achieve the highest level of “adaptive” expert
decision making. This nomenclature is also
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beneficial to establishing the ultimate goal for Expert Decision Making (EDM)
training, that is, adaptive expertise. However. any additional training in the mental
characteristics and thinking processes described for cognitive SOARing will be
responsive to the needs of the industry for advanced Aeronautical Decision Making
(ADM) training which generated this research.

Sensing is the first preparation step involved in decision making. The basic
characteristic of sensory memory that is important for pilots to be aware of is that a
lot of information is “sensed” or received, but only a small amount is “attended to”.
Dedicated time spent focusing on individual cues and responding is time taken
away from situation monitoring or passive situation assessment. Attention
training can, therefore, provide the first part of a program designed to lessen the
reliance on experience as the only means of attaining expert performance.

Organizing involves filtering, prioritizing and structuring sensed information.
During this step, short term and long term memory resources are used to identify
the most important information and develop an understanding of the situation.
Short term memory and long term memory should not be thought of as different
places pilots “put” facts or procedures. Rather, the differences in these two memory
systems are based upon the “operational readiness” of the knowledge at any given
time. '

SHORT TERM MEMORY provides active, usable chunks of information in a state of
readiness to be used. The precise content, organization and usability of each chunk
is tied directly to exposure and practice. Therefore, pilot training and especially
decision making training could benefit by re-examining the criticality of

information chunking and training novice pilots earlier in the necessary short term
memory skills.

LONG TERM MEMORY provides stored information including factual, procedural,
experiential and emotional knowledge. Pilots have stored this knowledge in related
patterns or schema and must reactivate it based upon the specific situation.
Reactivation can be initiated by the cues (mental or physical), the context of a
situation (standard procedure or emergency) and the pilot’s abilities to make
associations between current and previous patterns.

Analyzing (or information processing and evaluation) is the third critical step in
pilot thinking. This step relies on the type of knowledge stored and how it can be
retrieved. Expert pilots have developed superior long term memory organizational
capabilities which facilitate RECOGNITION and RECALL. Experts use schema,
pattern recognition, associative reasoning, elaborations and inferences to interpret
the cues and context of a new situation based upon their related knowledge.

Responding is the most critical step of the Expert Decision Making (EDM) process.
This step requires that the pilot take some action to alter or control the situation and
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then monitor the effectiveness of that action. Responding involves the use of
conceptual and procedural knowledge. Since aviation training is highly procedural
both in developing flying skills (psychomotor) and in problem solving for normal
and emergency situations, pilot's are provided the foundation for more
sophisticated problem solving using production rules. PRODUCTION RULES
consist of conceptual knowledge combined with general problem solving
procedures (i.e., rules-of-thumb, working backward from a goal, etc.) to create new,
problem specific procedures. The ability to develop problem specific production
rules marks the early beginnings of how expert pilots think.

As experience is gained the pilet begins to
“ EXRPERT DECISION MAKING I develop associative problem solving capabilities
11 for enhanced decision making. As a result of

experience, additional flight training and
possibly a knowledge of ADM principles, the
pilot develops a capacity for more dynamic
thinking. Expert pilots can create new
production rules and patterns in the vein of
FASTACCESS  “opportunistic planning” based upon unique,
previously unencountered problem
ADAPTIVE OPPORTUNISTIC characteristics. This capability to creatively
PLANNING .
respond to unique problems, novel task

demands and chaotic situations identifies the highest level of EDM. At this level,
the pilot has become an “adaptive” expert. The coordinated use of cues and context
with stored schema (i.e., perceptual superiority) is believed to be a “major
mechanism” used by experts to infer unobserved or unknown elements of a
problem in knowledge lean or chaotic situations (Anderson 1985).

PERCEPTUAL

SUPERIQRITY GOAL ORIENTED

SELF- MONITORING

The expert pilot's perception of the whole situation involves mental
representations that include physical, cognitive and internal effects which are used
to both store and retrieve knowledge. Long familiarization in a specific field of
knowledge transforms the experts mental representations into an accessible form of
global knowledge. When applied tc new problems or working situations the expert
decision making capabilities occur so fast that they appear to take on the
characteristics of instantaneous insight or intuition.

Operationally, INTUITION is critically important to EDM. The most meaningful
definition of intuition from a training viewpoint is: “knowledge based on
experiences and acquired through sensory contact” (Bastic, 1982). In this context,
intuition can be viewed as an inferential process similar to ordinary perceptions.
That is, intuition does not advance in careful, well-planned steps. It tends to
involve responding to situations based seemingly on an implicit perception of the
whole problem. As with other procedural knowledge, the pilot arrives at an answer
and acts on it with little or no awareness of the process by which it was reached.

This knowledge cannot be verbalized, but is activated by the cues and context of the
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situation. Nevertheless, intuition is a highly rational skill and one that is
sometimes necessary for pilots to use. Intuition is simply an extension of the logical
problem solving process and an integral part of the “autonomous” stage of how
pilots think. This stage requires extensive knowledge of the subject matter and basic
principles in aeronautics and extensive experience in aviation. It is the fast access to

large meaningful patterns of knowledge that “appears” intuitive to the observer

RESULTS

The primary focus of this analysis was on the capabilities and
limits of the pilots sensory, short and long term memory systems
since memory is the fundamental process that accounts for
differences in expert and novice pilot thinking capabilities .
Enhanced memory training to develop EDM in pilots is discussed in Sections 3.4
and 5.2. Secondly, the pilots Problem Solving abilities were related to type of
knowledge, its organization and the process differences between novices and
experts. The purpose of this discussion was to expand the understanding of how the
SOARing processes were accomplished at the cognitive level and to specifically
identify factors which could offer opportunities for enhanced training. These
opportunities are discussed in Sections 4.1 and 5.4.

MENTAL ATTRIBUTE INFORMATION Cognitive SOARing Attributes: In
PROCESSING SYSTEM | total, the 12 mental attributes listed on

| ATTENTION SENSORY MEMORY the lef@ were identified as offering

2. PERCEPTION SENSORY MEMORY potential for developing future Expert

3. (SIE{UNKING slf(l)%fgmm MEM(%{Y Decision Making (EDM) training

4. SCHEMA TERM MEM ! :

s’ PATTERN RECOGNITION LONG TERM MEMORY methods and materials. Other fields

6. CUES & CONTEXT LONG TERM MEMORY offer existing training programs for

7. RECALL LONG TERM MEMORY i i

8 ASSOCLATIONS LONG TERM MEMORY enhancing these mental attributes.

9. ELABORATIONS LONG TERM MEMORY These can be used as resources to

10. INFERENCES LONG TERM MEMORY expedite the development of EDM

11. PROCEDURAL KNOWLEDGE PROCESSOR training programs for pilots. These are

addressed and their adaptation
explored in Section 5.2 and App. D.

Expert Decision Making Attributes: There are seven basic characteristics of Expert
Decision Making which are extremely relevant to the desire to develop EDM
training materials for pilots. These distinguishing characteristics have been
identified in many fields of expertise, but they have particular importance in the
current analysis of how pilots use their knowledge, training and experience to
overcome the adversities associated with everyday flight, i.e., how pilots think.
They are summarized for ease of reference as follows:
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i 1. Superior Short Term and Long Term
Memory

2. Goal Oriened

3. Fast Access

4. Opportunistic Planning
5. Adaptive

6. Self-Monitoring

7. Perceptual Superiority

_—
Experts’ rgcall seems to exceed the limits of Short Term Memory.
However, it is the autonomous information processing of many of their
skills which frees-up greater storage. Elaborations, associations and
inferences expedite Long Term recall as well.
The knowledge of experts is highly procedural and goal oriented. Concepts
are bound to procedures for their applications and Lo conditions (contexts)
under which these procedures are useful.
Experts can solve problems quickly and accurately for three reasons. They
are faster at the skill based tasks. The faster skill performance frees-up
working memory for processing other aspects of the problem. They can
arrive at a solution without conducting extensive search of memory.
Experts develop the capability to revise production rules and to
simultaneously access multiple possible interpretations of a situation. The
development of this capability is influenced by task demands and
experience.
There are both routine and adaptive experts. Either type is outstanding in
terms of speed, accuracy and automaticity of their decision making.
Adaptive experts possess the additional ability to creatively respond and
develop solutions to knowledge lean or ambiguous situations.
The greater knowledge bases and different knowledge representations of
experts allow more time to predict problem difficulty on the basis of
underlying principles and more time to monitor accurately how they should
allocate their time for solving problems.
Experts have the ability o perceive large meaningful patterns due to the
organization of their knowiedge base. This organization is based on
experience and training. The pattern recognition and recall occurs so rapidly
that it takes on the characteristics of instantaneous insight or intuition.

EDBACK

CENTRAL
PROCESSOR

In summary, we have discussed the
importance of the cues and context of
the environment or the stimuli whicn
“trigger” EDM or adaptive problem
solving behavior. The importance of
attentional resources, perception and
motor skills in “aiding and abetting”
EDM have been identified. The roles
of short term and long term memory,
including chunking and schema, have
also been shown as critical to the pilot’s
strategic mobility and intuition.
Finally and most importantly from a

training perspective, the foundation of the pilot knowledge and its organization
have been identified as critical. These areas, attention, perception, memory, type of
knowledge and its organization could be used as the crystal about which EDM
training programs, materials, tools and methods can grow.




CONCLUSIONS AND RECOMMENDATIONS

Expert pilots need to know how to use the full range of their “thinking” capabilities
depending on the cues, context, familiarity and difficulty of the situation. Fesearch
in many fields has shown that at least some of the expert decision making skills can

N
be acquired through practice and training. The ultimate purpose of this research is
to suggest a starting point for developing EDM training for pilots. The following

o conclusions and recommendations are tailored to that purpose.

CONCLUSION 1: Enhanced memory and problem solving training are required to
expedite development of Expert Decision Making (EDM) in novice pilots.

Recommendation -- Aviation problem solving and pilot memory training courses
should be developed. Three non-aviation cognitive training programs which offer
potential insight for new EDM training paradigms were reviewed in Section 5.2.
These and other programs which have documented improvements in attention,
memory and problem solving should be explored and adapted to prototype EDM
courseware.

CONCLUSION 2: The reliance of EDM on knowledge based on experiences and
sensory stimuli make the selection of training media extremely critical.

Recommendation -- The development of a knowledge based CBT or IVT expert
training device should be initiated. The fields of Activity Based Learning (ABL),
Computer Based Training (CBT) and Interactive Video Training (IVT) offer near
term, cost effective alternatives which are attractive to both air lines and general
aviation pilots. Two example CBT systeins were discussed in Section 5.2.

CONCLUSION 3: Experience since 1986 with ADM training in both civil and
military U. S. operations has shown that decision making can be taught and this
training reduces the number of human error accidents.

Recommendation -- A second generation ADM or EDM training manual should be
v developed in response to industry’s request for additional material and to continue

the safety improvements generated by this training. Much of the material needed

for this manual has already been created during Phases I and II of this project.
Reformatting the EDM research into a training manual could be accomplished in a
timely, cost effective manner.
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CONCLUSION 4: An FAA EDM training program should be developed and tested.
Courseware, an instructor’s syllabus, student manuals and self test materials are
required. '

Recommendation -- The aviation EDM training/testing conducted at Massey
University in New Zealand (Section 5.4) since 1990 should be the starting point for
an FAA EDM course for pilots. The Intuitive Decision Making testing from non-
aviation fields (Section 5.4) should be reviewed for possible relevance or
enhancements of the Massey program.

CONCLUSION 5: A written self-
assessment test would be the most

SOAR SELF-TEST SCALES expeditious and cost effective method of
Xp
raising the awareness of aviator EDM
1. SENSING AND characteristics and initiating EDM
INTERPAETING S
cuesanb Lo AcriE PaRae training.
2 ALTENNG AND
RORATION °
_— e Recommendation -- Continue
Paocatama. A development of the Cognitive SOARi
pROCEESING ——— eveiopment o e Lognitive ng
« DEHON MAKNG, self-assessment test initiated in Section
Mopstwedo R . 5.4 for rating individual pilot EDM

capabilities.

CONCLUSION 6: Selecting realistic EDM scenarios with critical events and
performing a cognitive task analysis of novice vs. expert decision making for these
events is a basic requirement for future EDM training development.

Recoimnmendation -+ The design of EDM training assessment methods should be
initiated ir parallel with training materials, training tools and courseware
development. A methodology and implications of developing EDM scenarios are
presented in Appendix F. This type of methodology is required for Activity Based
Learning (Recommendation 2), a second generation training manual
(Recomniendation 3) a. d self-assessment written testing (Recommendation 5).
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Due to the number of topics, the complex interrelationships, and the desire to make
this report as easy to read as possible, the foliowing diagram is provided as a guide or
road map. The boxes indicate the type and sequence of the primary subject matter
discussed. As you proceed from section-to-section, refer back to this road map to
retain the perspective of where you are in the discussion and how the material
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HOW EXPERT PILOTS THINK
Cognitive Processes in Expert Decision Making

1.0 PURPOSE

Both operators and researchers have recognized decision making -- the ability of a
pilot to respond to cues from the environment, evaluate the situation, come to
conclusions and act on those cenclusions -- as possibly the only reason for keeping
a human on the flight deck in the future (Green & Muir, 1991). This research is an
attempt to articulate steps for development of training materials and formulation of
training tools responsive to the need for early development of these skills.

The ability to identify a problem while it develops, often before it has fully
developed, select an optimal solution and then implement it at the right time is the
distinguishing trait of an expert pilot. This ability to anticipate trouble and respond
in a timely manner, with confidence, involves both natural and learned behavior
employing perception, memory, problem solving and decision making skills.
Expert’s use forward thinking and start solving problems from an intuitive
perception of the situation. These perceptions are based upon the context and cues
available from the situation as well as experience and training. The latest research
has shown that these abilities can be learned through tailored training (Agor, 1986,
Firestein & McCowan, 1988 and Hogarth 1989). This report provides the background
of primary decision making characteristics of experts in order to establish a common
foundation of knowledge for addressing how pilots can be trained expert decision
making.

The objectives of this study are:

¢ To identify the expert decision making characteristics that could be learned in a
training environment, and

¢ To provide the knowledge and understanding needed to begin development of
expert pilot decision making training materials and tools.

This will require examining the mental processes used by expert pilots and the
characteristic thinking abilities they have developed to meet the demands of their
flying tasks. Specifically, the processes and abilities needed by pilots to perform fast,
accurate decision making in normal situations, trained emergency situations and
abnormal emergencies will be analyzed.

2.0 BACKGROUND: ADM Training History, Successes and Limitations

The work described in this report was initiated in October of 1990 with a Phase |
study which investigated the differences between novice and expert pilot decision




making from an information processing perspective (Adams & Ericsson, 1992). The
Phase I report correlated the development of expert decision making with pilot
training and experience, and reviewed accident scenarios which exemplified those
processes. The need for this introductory study evolved from 10 years of
Aeronautical Decision Making (ADM) research (1975-1985) sponsored primarily by
the Federal Aviation Administration and performed by industry and academia.
This research lead to the publication of a series of 10 training manuals and reports
on ADM (1986-1988). Topics included the range of airplane pilot ADM training
manuals from student/private candidates to multicrew resource management, as
well as, reports devoted to helicopter pilots, flight instructors and EMS.

Extensive experimental validations and empirical testing
SUCCESSES in both civil and military operational environments

e e have documented that accident rate reductions of about

T lomermanmALvALpnow  wee 50% can be seen when comparing pilot groups with and
C AN em T e without decision making training. Although it is

- WXRELATIC ACCDENTS 7% difficult to accurately assess the impact of these manuals
. U8 CIVIL NELICOPTERS N . s 1P . s

208 ALL HE ACCIODNTS - throughout aviation, significant reductions in Human

- PMALACCIDENTS e Error (HE) accidents have been demonstrated in the
+ Us aLmARY specific aviation applications shown at the left (Diehl,

= AFTRANGPORT CAEWS (109

« NAVY HEUCOMTINS 0 1991).

=~ NAVY AIRPLANES (A6 & EAS) o

This basic research defined judgment as: the ability to stay on top of and control the
flight situation, and the motivation to assure safety through timely decisions. ADM
identified hazardous attitudes in flight operations and provided pilots with a self-
assessment test by which to judge their own abilities. The method stressed
situational awareness and a structured approach to
decision making to enhance the pilot’s application of
BASIC conventional flight training, knowledge, skill and
experience. The methods taught to accomplish good

AERONAUTICAL DECISION MAKING i , ) ) o
(ADM) decision making stressed serial, deductive reasoning in

e ® o o

a checklist form using the DECIDE model (Detect,

Defined Judgment . . .
entiied hazardous sititudes Estimate, Choose, Identify, Do, Evaluate). This method
Oeveioped eafdeat is useful to novices, but not necessarily representative

Suressud shustional swarsnsss of the more advanced decision making abilities used by

Utiiized the "Decide™ Model .
expert pilots.

The specific shortcomings of this approach included: the great difficulty in carrying
out the linear analysis under conditions of time pressure, the difficulty in applying
it to problems with incomplete information or ambiguous data, and that it was not
representative of documented differences between novice and expert decision
makers in other fieids (Chi & Glaser, 1988).




All of these shortcomings lead the industry to come back to the FAA with a request
for additional training material for use in training of novice pilots and for use in
both initial and recurrency training with more experienced pilots.

3.0 EXPERT DECISION MAKING (EDM)

Developing EDM training involves unraveling the relationships between cognition
(how pilot’s think in operational situations) and training. Conventional pilot
training has been based upon a foundation of skill based, rule based and knowledge
based tasks. That is, pilots are taught conceptual knowledge; flying procedures; and,
basic pilot skills while leaving the development of decision making to the realm of
experience. The novice pilot, therefore, is expected to learn: aerodynamics, airplane
performance, electrical and hydraulic systems, Federal Aviation Regulations, etc.
He is then trained in aircraft control and operation for both normal and emergency
situations. This training includes procedures development for preflight, takeoff,
cruise, approach and landing phases of flight. Through this training, the novice
develops and improves his basic psychomotor abilities and hones his flying skills.

At this stage, decision making is only taught informally through training session
debriefs, hangar flying, analyses of other pilots experiences and the limited flight
experience gained in preparation for an airman certification test. After successfully
passing the test, the novice pilot is expected to cautiously begin developing good
decision making and judgment skills as he gains experience. Because of the
emphasis of aviation on procedure oriented training both in developing flying skills
and in decision making skills, training lays the foundation for the development of
more sophisticated decision making as experience is gained.

3.1 EXPERTISE IN ACTION: The Type C Pilot

Common characteristics of expert decision making have been observed in the fields
of mathematics, physics, medicine, music, sports and aviation (Ericsson, 1991). In
fact, individuals with expert thinking ability have been identified as a new
personality type. First the classic Type A and B personalities were identified,
individuals who respond dramatically differently to stressful situations. Then the
Type T or Thrill-seeking personalities, those who seek out the “edge-of-the-
envelope” and enjoy the challenge of overcoming dangerous situations was
recognized. Now psychologists have identified the Type C personality style as Chaos
changing individuals who are expert problem solvers. Type C individuals have a
tolerance for ambiguity, can see solutions in unfamiliar and information lean
environments and develop action plans even in time compressed situations
(Buffington, 1989).

The most dramatic examples of how Type C pilots and crews apply their expert
thinking skills have occurred in several airline accidents listed on the following
page. The catastrophic engine failure and subsequent total failure of the triply
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situations in which Type C problem
solving abilities were used to overcome chaotic situations for which there were no
specified procedures, no previous simulator training and certainly no past
experience. The event histories of these accidents were analyzed during Phase I of
this project to provide specific examples of how expert pilots think (Adams &
Ericsson, 1992). For ease of reference, the expert pilot decision making process
demonstrated by Captain Al Haynes of United Flight 232 will be reviewed here.

In a speech on January 26, 1991, Captain Haynes reported that the transition from a

normal, uneventful takeoff and climb to 37,000 feet to a “nearly uncontrollable”
aircraft occurred in about 15 seconds.
His first response was reverting to
basic airmanship skills (i.e., figuring

EXPERTISE IN ACTION out how to fly the airplane). His

Cpt. Haynes snd crew faced with a multiple emargency had to Ingra ined tralmng In crew resource

“Improvise.” There was no training provided for impossible management was evident by: his
occurences. . . ' I
immediate decision to use the abilities
fe— = of a check airman to operate the
EVENT CHARACTERISTIC throttles and maintain heading with
differential thrust; his utilization of
+  Catastrophic Engine +  Recall .
Failure the second officer for damage
¢+ Total H’ydnullc Fsilure ¢+ Reasoning .
+ LossoffiightControls + Reasoning assessment; his concern for the
: Q:‘:,",’,:{,‘,‘Té:,',’.‘,’""""’ : S’:‘l:,‘::'{,‘,?,.,,_ passengers and coordination with the
controlal . i . 1 i
. Adding CrewMember  +  Peesoning/CRM flight attendant; and, his professional
*  High Speed Landing +  Reasoning communication with the air traffic
Non-Trained Event *  Self Assurance
controller.

Captain Haynes’ behavior clearly show the expert pilots ability to assimilate data and
impressions quickly, formulate a solution and carry it out while maintaining
mental composure under extreme time pressures. However, even with complete
utilization of his expertise and all available personnel, pitch oscillations (60 second
phugoids) and roll reversals (from 4-28 degrees of bank) were as stable an approach
as the aircraft could make. Regardless, Captain Haynes reported that he was always
“confident of getting the aircraft on the ground”. This expert thinking -- knowing
what to do and when to do it -- and the taming of a chaotic situation is the real mark
of the Type C decision maker.




After the accident, Captain Haynes stated that the five factors listed on the left were
instrumental in his ability to land the aircraft and save as many lives as he did. The
focus of this report is on the PREPARATION and
EXECUTION aspects of how expert pilots think. Since the
way these tasks are performed in practice strongly affects
EXPERTISE IN ACTION hovyv they will be performed durigg an emergenc);, these
e o el ot eacuw?  areas offer the greatest potential for improved training.
The factors and processes involved in these two critical

“Luex, decision making areas include: Sensing, Organizing,
COMMUMCATIONS, s .
PREPARATION, Analyzing and Responding to the cues and contexts of the
IXSCUTION, ' . . .
COOPERATION" situation. The Type C behavior documented by Captain

Haynes, his crew and the crews of the other “aviation
saves” is referred to herein as Cognitive SOARing to
recognize the special level of expertise required for abnormal emergencies. This
nomenclature is also beneficial to establishing an ultimate goal for Expert Decision
Making (EDM) training. However, any additional training in the merntal
characteristics and thinking processes described for Cognitive Soaring will be
responsive to the needs of the industry which generated this research project.

3.2 COGNITIVE SOARING: Sensing, Organizing, Analyzing and Responding

The study of cognition over the past 40 years has identified the importance of four
systems used in thinking or “information
processing”. These systems are illustrated in the

HUMAN INFORMATION Human Information Processing (HIP) diagram.
PROCESSING (HIP) Basically, the human information processing system
includes: the sensory systems (visual, auditory, seat-
y_yovrowery |y of-the-pants, etc.), the memory systems (long term,
sensony sveTEN REsPONOR SYSTEM short term and sensory memory), the processor and
MEMORY the response systems (motor events,
PROCESSOR communications, etc.). These four systems

incorporate the basic characteristic concepts which
contribute to the individual’s cognitive SOARing capabilities. Equally important to
the expert pilot's thinking are the types of knowledge and types of processing
available for use with these systems. These factors as well as the characteristic
concepts will provide the focus for the following description. A more detailed
examination of important memory and problem solving characteristics is provided
in Appendix A.

Sensing is the first preparation step involved in decision making. Pilots vary in the
way they perceive (recognize and sort) information from the cues and context of a
situation. SENSORY MEMORY provides enough retention to allow a reasoned
response to each situation. The basic characteristic of sensory memory that is
important for pilots to be aware of is that a lot of information is “sensed” or
received, but only a small amount is “attended to”. Dedicated time spent focusing



on individual cues and responding is time taken away from situation monitoring or
passive situation assessment.

Since the amount of time pilots spend actively attending to sensory inputs vs.
passively monitoring the cues and context of a situation varies directly with
knowledge, training, experience and currency, each of these elements impact the
pilots ability to respond in a timely fashion to specific situations. Consequently,
ATTENTION is one of the differentiators which can be used to identify experts vs.
novices. Attention training can, therefore, provide the first part of a program
designed to lessen the reliance on experience as the only means of attaining expert
performance.

Organizing involves filtering, prioritizing and structuring sensed information.
During this step, short term and long term memory resources are used to identify
the most important information and develop an understanding of the situation or
problem. This understanding is formulated into a group of related facts, data,
results and procedures, that is, a pattern which characterizes the current situation
and can be used to retrieve related information from short and long term memory.
Although the novice and expert pilot have equal capability for cognitive processing,
novices typically use lots of search and processing time in a less focused and more
general manner. The outstanding performance of experts is derived from how their
knowldege is structured in short and long term memory for retrieval, pattern
recognition and inference.

Short term memory and long term memory should not be thought of as different
places pilots “put” facts or procedures. Rather, the differences in these two memory
systems are based upon the “operational readiness” of the knowledge at any given
time. SHORT TERM MEMORY provides active, usable chunks of information in a
state of readiness to be used. The precise content, organization and usability of each
chunk is tied directly to exposure and pracitce. Therefore, pilot training and
especially decision making training could benefit by re-examining the criticality of
inforination chunking and train novice pilots earlier in the necessary short term
memory skills.

LONG TERM MEMORY provides stored information including factual, procedural,
experiential and emotional knowledge. Pilots have strored this knowledge in
related groups or schema and must reactivate it based upon the specific situation.
Reactivation can be initiated by the cues (mental or physical), the context of a
situation (standard procedure or emergency) and the pilot’s abilities to make
associations between current and previous patterns. Long term memory, then,
depends on the pilot’s ability to respond to new demands for information through
his abilities of recognition and recall.

Analyzing (or information processing and evaluation) is the third critical step in
pilot thinking. This step relies on the type of knowledge stored and how it can be
retrieved. Once again, expert pilots have developed superior long term memory



organizational capabilities which facilitate RECOGNITION and RECALL. Experts
use schema, pattern recognition, associative reasoning, elaborations and inferences
to interpret the cues and context of a new situation based upon their related
knowledge. This expert capability manifests itself in the ability to intuitively
respond to patterns without decomposing them into component features or
problem elements. An example of these abilities would be the expert’s ability to
respond to loss of an engine on takeoff without consciously “thinking through” the
engine out procedure. This understanding occurs effortlessly due to the experts
knowledge structure.

The experts ability to fast access their schema (concepts or patterns) of aviation
knowledge is expedited by the ASSOCIATIONS with cues and context of new
situations which stimulate the recail process. Although the associations (or concept
ELABORATIONS) are predominantly based upon
experience today, training aimed at replicating this
ability is not an unreasonable goal. In addition to the
HIP .. PROBLEM SOLVING elaborations, the expert's ability to use INFERENCES
Geal arienied cegrliive behevier. to aid reconstruction of similar problems and
solutions could also comprise part of this training.

CCNCEPTUAL = "FACTS & THINGS"
PROCEDURAL » “COGNITIVE ACTIVITIES” Responding is the most critical step of the Expert
conmane Decision Making (EDM) process. This step requires

PROCESSOR umenCe that the pilot take some action to alter or control the
CTION RULES situation and then monitor the effectiveness of that

action. Responding involves the use of conceptual

and procedural knowledge. Since aviation training
is highly procedural both in developing flying skills (psychomotor) and in problem
solving for normal and emergency situations, pilot's are provided the foundation
for more sophisticated problem solving using production rules. PRODUCTION
RULES consist of conceptual knowledge combined with general problem solving
procedures (i.e., heuristics, algorithms, working backward from a goal, etc.) to create
new, problem specific procedures. How the application of problem specific
production rules develops in pilots is summarized in Section 3.3. This ability marks
the early begininnings of how expert pilots think. As these rules are used more and
more often, and applied to many situations, they result in autonomous generation
of specilized production rules which often use forward inferencing to progress from
the initial problem toward a solution or goal.

3.3 PROBLEM SOLVING: Expert vs. Novice

Problem solving is defined as behavior that is task dependent and purposeful (goal
oriented). Therefore, the following discussion is about how pilots use their
knowledge, thinking skills and the cues or stimuli of a situation to develop problem
solving approaches. These very often cannot be completely or adequately
verbalized; for example, how to properly judge and consistently perform the landing
flare could be broken down and described but the result would lose the essentials of




the “how-to”. To begin to understand the problem solving process, it is necessary to
examine some basic differences between how novices and experts approach problem
solving.

Problem solving can be described in terms of situational awareness and decision
making in aviation. A pilot is expected to do more than skillfully resolve
emergencies when they occur. It is equally important to actively avoid situations
that might lead to emergencies by sensing and identifying early signs of impending
problems and taking corrective action before a critical situation develops. This
responsibility requires vigilant monitoring of the environment and the situation
relative to the planned sequence of events during a flight. Problem solving can be
thought of as a search for ways to return to the desired plan or the setting of a new
goal once a change or deviation from the desired plan is recognized.

This section is about the knowledge underlying novice and exp